ABSTRACT
Claimed benefits of riparian forest cover for the aquatic ecosystem include purification, thermal control, organic matter input and habitat provision, which may improve physicochemical and biotic quality. However, these beneficial effects might be flawed by multiple stressor conditions of intensive agriculture and urbanization in upstream catchments. We examined the relationship between riparian forest cover and physicochemical quality and biotic integrity indices in extensive large scale datasets. Measurements of hydromorphological conditions and riparian forest cover across different buffer widths for 59 × 10 3 river stretches covering 230 × 10 3 km of the French river network were coupled with data for physicochemical and biotic variables taken from the national monitoring network. General linear and quantile regression techniques were used to determine responses of physicochemical variables and biological integrity indices for macroinvertebrates and fish to riparian forest cover in selections of intermediate stress for 2nd to 4th order streams. Significant responses to forest cover were found for the nutrient variables and biological indices. According to these responses a 60% riparian forest cover in the 10 m buffer corresponds to good status boundaries for physicochemical and biotic elements. For the 30 m buffer, the observed response suggests that riparian forest coverage of at least 45% corresponds with good ecological status in the aquatic ecosystem. The observed consistent responses indicate significant potential for improving the quality of the aquatic environment by restoring riparian forest. The effects are more substantial in single-stressor environments but remain significant in multi-stressor environments.
RÉSUMÉ
Effets bénéfiques des ripisylves pour l'écosystème aquatique discernés à large échelle
Mots-clés :
qualité hydromorphologique, zone tampon Les avantages présumés de couverts forestiers riverains pour l'écosystème aquatique comprennent la purification, le contrôle thermique, l'apport de matière organique et d'habitats, ce qui peut améliorer la qualité physico-chimique et biotique. Toutefois, ces effets bénéfiques pourraient être atténués par de multiples facteurs de stress de l'agriculture intensive et de l'urbanisation dans les bassins versants en amont. Nous avons examiné la relation entre couvert forestier riverain et la
INTRODUCTION
Positive effects of riparian vegetation on the ecological quality of the river by nutrient uptake and habitat provision are still points of debate in scientific journals for the aquatic environment (Mayer et al., 2007; Pärn et al., 2010) . Such benefits may include the following: addition of organic matter, diversifying the trophic conditions; thermal regulation by forest canopy cover; structuring of habitat and provision of microhabitat; and buffer for nutrients and pollutant influx to the water course (Lowrance et al., 1984; Lowrance et al., 1997; Wenger et al., 1999) . These functions have been evidenced only from local studies with field measurements (Storey and Cowley, 1997; Wallace et al., 1997; Parkyn et al., 2003; Dodds and Oakes, 2006; Rios and Bailey, 2006) and from some larger scale studies in strictly agricultural watersheds (Stewart et al., 2001; Wilson et al., 2008; Arnaiz et al., 2011) . The cumulative watershed impact of forested riparian zones on stream nutrient levels is also acknowledged (Newbold et al., 2010; Curie et al., 2011; Wang et al., 2011) , but remains poorly understood (Weller et al., 2011) . As regards the aquatic ecosystem responses to riparian forest cover, for fish communities some evidence is documented for thermal regulation (Broadmeadow et al., 2011) and for habitat provision (Santoul et al., 2005; Brunke et al., 2008; Elosegi et al., 2010; Hopkins and Whiles, 2011) . General beneficial effects of riparian forest cover are observed for periphyton (Bowes et al., 2012) , phytoplankton (Hutchins et al., 2010) and wider ranging water quality parameters (Ghermandi et al., 2009) . Less uniform responses are found for the macroinvertebrates, for which positive effects are mainly reported for urban areas (Suren and McMurtrie, 2005; Rios and Bailey, 2006; Death and Collier, 2010; Astorga et al., 2011) . Inability to identify these outcomes in consistent relationships between the presence and extent of riparian cover and the quality of the aquatic system is often attributed to the context of multiple stressors impacting the river system (Palmer et al., 2010) . Even so, riparian forests are generally acknowledged for their importance in river ecosystem functioning (Gregory et al., 1991) , being closely linked to the hydromorphological quality of the river (Van Looy et al., 2008) . Accordingly, re-plantation of river margins is the most widely applied restoration technique for rivers throughout Europe, Australia and the USA (Brooks and Lake, 2007; Palmer et al., 2007) . Guidelines for these practices are not readily available and are mostly based on providing vegetative buffer strips and terrestrial migration corridors. In this study, we try to assess relationships between the forest cover in the riparian corridor and the anthropogenic pressures that were retrieved from several spatial scales (stretch, hydrologic unit and catchment) in order to assess the impact of the forest cover on 06p2 physicochemical characteristics, and macroinvertebrate and fish metrics reflecting community structure and ecological condition over the French river network. We adopted recent recommendations to advance the use of indicators for running water starting from the correlative approach using large-scale datasets along perturbation gradients (Sandin and Solimini, 2009 ). The question underlying our research was: can we observe the claimed benefits of riparian forest cover for the aquatic environment from data at large geographic scale? If so, does the response vary with buffer width, with ecoregion and with pressure conditions, and can it even be identified in environments with multiple stressors? To address these questions, both effects on physicochemical variables and response of the biota can be considered. For this purpose the entire French river network was analysed and national databases of physicochemical and biotic monitoring networks were queried. From the aggregated datasets, a selection of sites was extracted with the same stress conditions at the watershed and local riparian corridor scale and a gradient of riparian forest cover. The response of the biota was measured with the national biotic integrity indices for macroinvertebrate and fish communities.
METHODS

> HYDROMORPHOLOGICAL AND LAND COVER DATA FOR CATCHMENTS AND RIVER STRETCHES
For the entire French river network of some 230 × 10 3 km, a hydromorphology audit system, SYRAH, was developed (Chandesris et al., 2008) , based on a systematic segmentation and assembling of data from three scale levels: the catchment scale, sub-catchments called hydrologic units and the local river stretch. Rivers were subdivided into hydro-morphologically homogeneous stretches based on a splitting that distinguished changes in channel and valley form. Resulting river segments range from 1 km on average for small streams and up to 20 km on average for large rivers. Data of the riparian corridor was gathered for the 59 × 10 3 river stretches in different buffer sizes (valley floor, winter bed, 100 m, 30 m, 10 m). Riparian forest cover was derived from the national geographic database BDTopo IGN R . In this vector database (resolution 1.5 m), forest polygons are delimited from photo-interpretation of the aerial remotely sensed database BDOrtho IGN R . Riparian forest cover is retrieved for each river stretch by calculating the surface areas of forest polygons within the floodplain and two different size buffers of 10 m and 30 m for both sides of the river bank. These buffers represent different parts of riverine forests; in the 10 m buffer, only a small ridge of trees that gives canopy cover to the aquatic system is identified, the cover of the 30 m buffer delimits the riparian forest in the strict sense, and the winter bed forest cover encompasses all kinds of alluvial forests along the river. Hydromorphological and geographical data for river basins and stretches was gathered at the same sub-catchment and river stretch scale (Table I ). For each river stretch, land cover was calculated at the catchment scale and for the local valley floor, using the CORINE Land Cover 2000 map (CLC, resolution 100 m). This is a vector map, drawn from satellite imaging at a scale of 1:100 000, with a minimum polygon size of 25 ha (http://terrestrial.eionet.europa. eu/CLC2000). The CLC is based on a hierarchical standard nomenclature with three levels: 5 broad land cover categories at level 1 (1: artificial surfaces, 2: agricultural areas, 3: forests and semi-natural areas, 4: wetlands and 5: waterbodies). For the land use in the riparian corridor, information was gathered from the digitally available BD Topo IGN R topographic maps.
> WATER PHYSICOCHEMICAL DATA AND BIOTIC INTEGRITY INDICES
Data for physicochemical and biotic variables over the last decade were selected from the national monitoring network, consisting of 1949 sites evenly distributed over the French ecoregions and river types. The information from the sites was collated with the hydromorphological geodata for the river stretch to which the site belonged and with its upstream catchment 06p3 
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percentage cover of urbanisation for the 100 m riparian buffer of the river stretch land cover. As these sites are selected for a biotic quality assessment representative for the local water body (which is a larger spatial unit than the hydromorphological stretch), this attribution of characteristics from the local stretch is reliable for our robust analysis. For the monthly recorded water chemistry data, the following variables were retained for our analysis: temperature, oxygen and nutrients (total nitrogen, ammonium, nitrite and nitrate, total phosphorus, orthophosphates and BOD). Only annual mean values were retained in the response analysis, as the averaged data can cover the impact of the riparian corridor on the aquatic system, whereas the more exceptional loads of nutriments (90th percentile) cannot be directly affected by the local riparian environment. For macroinvertebrates, annual survey data are available per site. For fish, a standardised protocol of biannual measurements has been in place for the last 8 years. The macroinvertebrates were evaluated using the IBGN index (Indice Biologique Global Normalisé) (A.F.N.O.R. 1992). The IBGN is a combination of two metrics: the total number of taxa (14 classes at family level) and the faunistic indicator group representing the presence or absence of 39 indicator taxa, grouped into nine sensitivity classes. The index is sensitive to pollution (especially eutrophication) and to general degradation (including habitat alteration). For its application to large geographical scale analysis based on the national level datasets, see also Wasson et al. (2010) . For fish, a standard electrofishing protocol was carried out during low-flow periods (May-October) to collect information about fish assemblages in the monitoring network. The biotic index used in the evaluation of the ecological quality was the French fish-based index for the assessment of river health (IPR) (Oberdorff et al., 2002) . Both for macroinvertebrates and for fish the median index values for the years since 2003 were selected from the database for each site.
> STRESSOR GRADIENT DEFINITION AND SELECTION OF HOMOGENEOUS STRESSOR SITES
The complexity of the processes involved in nutrient reduction in spatial and temporal context demands the selection of datasets homogeneous in both environmental and anthropogenic stressor conditions to infer the role of riparian forest cover in the nutrient cycling. Transfers to and through water courses may be influenced by topography, climate, soil type, bedrock and water flow. We assumed that for areas in which these factors are quite homogeneous, nutrient transfers are similar, and so are temporal patterns of concentration in water courses. The application of hydro-ecoregions as homogeneous spatial units for this kind of analysis has already been successfully demonstrated in several studies (Wasson et al. 2010; Sauquet and Catalogne 2011; Gauroy and Carluer, 2011) . Preliminary to the selection of survey sites, the main anthropogenic stressors to riparian forest fragmentation were explored over the entire river network to allow the detection of datasets homogeneous in stressor conditions. For the selection of comparable survey site subsets, only sites on second to fourth Strahler order streams were retained, as the size influences the biochemical processing (Montreuil et al., 2010) . For response testing of respectively the physicochemical variables and the biotic elements, different selections were imposed to derive subsets homogeneous in stream type and anthropogenic disturbance. For the impact on physicochemical elements, it was possible to work within the six types of the national chemical typology of running waters (Bougon and Ferréol, 2010) . This typology of French rivers for general physicochemical variables is based on two main descriptors; alkalinity, which corresponds primarily to regional geology, and nutrient conditions, corresponding to an altitudinal or distance-to-source gradient. The response testing of biotic elements was executed within ecoregion subsets. The French hydro-ecoregion (HER) classification comprises 22 geographical entities in which stream and river ecosystems should exhibit common characteristics. Geology, relief and climate are the determinants for the hydro-ecoregion delimitation in France (Wasson et al., 2002) . The HERs provide a framework for grouping data in terms of natural river features and human activities. The applied biotic integrity indices further integrate river typology aspects in the assessment, since they are defined as the deviation from type-specific reference conditions. Also, for both these biotic indices and the physico-chemical variables, standards are set for good ecological status (NOR: DEVO1001032A). These normative boundaries can be reproduced if we observe significant relationships with riparian forest presence to identify minimal riparian forest cover to achieve good ecological status. After primary elimination of ecoregions with too few sites with homogeneous stressor conditions, the two largest HERs were selected for the analysis of biotic responses (Figure 1 ). The Calcareous Plains ecoregion HER9 covers 25% of France; the landscape comprises lowlands and plains, with low-energy streams. The land cover is characterised by a densely urbanised area around Paris and sparsely populated rural areas with intensive agricultural land use mainly for crops. The adjacent Calcareous Front ecoregion HER10 has a more submountainous geography with a contrasting land use of forests and agricultural use for livestock production (grassland).
STATISTICAL ANALYSES
A preliminary data exploration was executed using principal component analysis (PCA) to eliminate redundancy in variables and detect main stressors for hydromorphological characteristics of the river stretches -including riparian forest cover -on the entire river network 06p5
Figure 1
The studied French river network (the 230 × 10 3 river km in 59 × 10 3 Syrah stretches) and the selected monitoring network sites (national surveillance monitoring network RCS), and with bold contour the two ecoregions (HER 9 and 10) selected for the response of the aquatic communities.
of 59 × 10 3 river stretches present in the SYRAH geodatabase. Spearmann correlation testing between riparian forest cover and the selected variables from the PCA determined main stressors for the hydromorphological character. Elimination of upper and lower quantiles of these main stressors gave a selection of intermediate-pressure sites. Within this selection, responses of the physicochemical variables to forest cover were investigated per chemical type. This testing was done individually per type, as we were interested in type-specific responses. For the biotic responses a further selection of sites with homogeneous intermediate pressure within specific ecoregions was executed. These selections were assumed to show no relation of the relevant pressures to the riparian forest cover; this needed checking by correlation analysis between the stressors and riparian forest cover in the selected population using Spearman ranking tests. Further correlation testing between ecoregions was performed to see whether geographical differences were present for the responses, and in particular to test for multi-stressor environment effects. The presence of multiple stressors may outweigh the positive impact of the riparian canopy. The response testing was done with linear regression techniques, first for the physicochemical variables within the distinct chemical types and secondly for the physicochemical and 06p6 biological variables in the ecoregions. As there was a range of unmeasured factors that were limiting for the response, quantile regression was used to obtain a better estimation and interpretation of the relationship under these circumstances, as this technique can more clearly distinguish changes in heterogeneous distributions (Cade and Noon, 2003) . It is also useful to estimate a range of quantiles rather than basing an analysis on only the mean or a single selected quantile (Cade and Noon, 2003) . Here, we investigated the significance and concordance in the responses for the median and upper quantiles (50th, 75th, 90th and 95th), to see whether a general response for means as a conformity in the response of extreme values and thus an overall response was present. For the graphic presentation of the quantile regression results, the additive models for conditional quantile functions were used, as they provide an attractive framework to focus on features of the response beyond its central tendency (Koenker, 2010) . Finally, to test whether the outcomes are not biased by hydrological processes like dilution, a verification of the results with respect to flow regime was executed. The annual peak flow estimation (Q95 annual daily discharge, estimation to bankfull and effective discharge according to Leopold (1994) ) was determined for each stretch, based on extrapolation models for the national gauging stations (Snelder, Lamouroux, Leathwick et al., 2009; Sauquet and Catalogne, 2011) . A multivariate regression analysis was performed to enable consideration of respective predictive power to nutrient reductions for the riparian forest cover and the flow regime. All factor analyses, Spearman ranking correlation tests and linear regressions were performed in Statistica (Statsoft, 2010) ; the quantile regression analysis was performed with Quantreg in R (Koenker, 2010) .
RESULTS
> STRESSOR GRADIENT IDENTIFICATION
Data exploration with factor analysis for riparian forest cover on the entire French river network revealed significant responses to urbanisation and agriculture in the riparian corridor and the catchment. As no geographical or hydrological variables were included, the PCA (Figure 2 ) only explained a part of the broad hydromorphological variation over the river network. However, some clear distinctions between selected variables were observed. The first axis (eigenvalue 3.4, expl. 16.19%) reflected the naturalness of the stretch, whereas the second axis (eigenvalue 2.8, expl. 13.3%) discriminated between the stressors, opposing agricultural versus urban origin of alterations, and catchment versus local stressors. The riparian forest cover showed low values for this second axis and hence no distinction for forest fragmentation can be inferred for its origin; whether stressors are agricultural or urban, local or catchment-induced. The stressors of intensive agricultural land use and urbanisation in the catchment show strongest opposed position to the riparian forest cover on the first PCA axis. Our dataset furthermore clearly demonstrates the prevailing multi-stressor environments; with average values of 39% intensive agriculture and 5.6% urban land cover for the catchments of the monitoring network sites, and a significant correlation (Spearman R = 0.24) between these stressors. The urban and agricultural stressors also showed significant correlations with riparian forest cover for the local variables; for the urbanisation in a 100 m buffer R = −0.12, p < 0.01, and for river channel straightening (R = −0.15, p < 0.01). This last correlation corresponds to impairment mainly by agricultural land use, mostly exercised on the smaller rivers (Strahler order is at the opposite end of the axis). For these identified main stressors on the riparian forest, the selection of stretches with intermediate stress on the riparian forest was executed with boundaries of 2-10% urbanisation, whereas for the impairment by agricultural land use more gradual responses were found, and values between 20% and 50% cover in the watershed corresponded to intermediate stress conditions. Table I .
> RIPARIAN-WATER CHEMISTRY RELATIONSHIPS
For two chemical types of alkaline streams (H1 and H2) of upstream and middle stream regions, correlations (Spearman ranking significance <0.05) between agricultural land use and riparian forest cover for the selected intermediate stress sites impeded the use of these types in the analysis. For the four other chemical types, no significant correlation of riparian forest cover with the urban and agricultural land cover in the catchment was observed (p < 0.05). For the analyses, 445 sites of the lowland alkaline type H3, and the more acidic types S1, S2 and S3 corresponding to the intermediate stress conditions of agriculture and urbanisation were retained. For nutrients a range of significant responses was present (Table II) , whereas for oxygen and temperature no responses were observed. For these last two wide-ranging variables, the data gathered in the national monitoring network did not allow these kinds of correspondence analyses. For the significant nutrient responses, the different forms of nitrogen and phosphorus showed lower values with higher riparian forest cover. The responses were comparable among chemical types, although nitrite and total phosphorous showed more consistent responses across all types than nitrate and orthophosphate. The absence of an ammonium response in the hard water type was as expected, as this cation is less abundantly present under more alkaline conditions. No consistent differences were observed in the responses for the different buffer widths investigated.
> RESPONSES OF BIOTA AND NUTRIENTS TO RIPARIAN FOREST COVER IN THE ECOREGIONS
Two largest ecoregions (Calcareous plains HER9 and Calcareous front HER10 covering a major part of the north of France) were retained in the selection, as either too few sites with For ecoregion HER9 the multi-stressor context is more important, as there was a significantly higher agricultural land use (average 45%) than in the HER10 selection (average 34%, SD 11, t-test value (Wilcoxon Z) 4.6, p < 0.0001) with a similar urbanisation. Also, for this ecoregion scale analysis, some significant responses for nutrient elements were observed (Table III) . The quantile regression results of the median and the 75-quantile regression for the 10 m and 30 m buffer had the same significance for the identified responses (shown as example for phosphorus in Table IV and Figures 3 and 4) . Where the linear regression showed significant responses for macroinvertebrate average integrity scores both in HER9 and 10 (Table V) , the responses proved stable in all quantiles in the HER10 only. For the fish index, the regressions showed significance only for HER10, thus confirming the difference between the biotic response for HER9 and 10 (Table VI) . In the analysis for dilution effects, discharges in the ecoregion HER9 selection were significantly correlated to nutrient concentrations for orthophosphates (R − 0.33), nitrites (R − 0.25) and nitrates (R − 0.23). The multiple regression with riparian forest cover in the 10 m buffer and discharge (Table VII) added some 10% explained variance for orthophosphate mean concentration (multiple regression R 2 = 0.245, in contrast to simple regression for riparian forest cover R 2 = 0.147). No significant intra-variable effect was present. In the ecoregion HER10 discharge correlated strongest to nitrites (R − 0.33), ammonium (R − 0.27) and nitrates (R − 0.23). Here again, the multiple regression with riparian forest cover in the 10 m buffer and discharge (Table VII) showed no intra-effects and added some 10% explained variance for nitrites mean concentration (multiple regression R 2 = 0.235, in contrast to simple regression for riparian forest cover R 2 = 0.1).
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DISCUSSION
> RIPARIAN FOREST COVER -AQUATIC ECOSYSTEM RELATIONSHIP
In literature, large scale inferences of a significant relationship of riparian forest cover with biotic integrity are weakly quantified or show loose correspondence (Allan, 2004; Wasson et al., 2010; Arnaiz et al., 2011) , often owing to the difficulty of retrieving accurate land cover data for the riparian corridor zone (Tormos et al., 2011) . Here, we observed consistent responses to riparian forest cover in the selected datasets for nutrients and for biotic integrity indices. The results are consistent, as the same responses were observed over different selections, both over the chemical types and in the ecoregions. For the strongest responses of physicochemical parameters and biotic integrity indices, similar regression slopes were obtained and thus identical indications for ranges of riparian forest cover necessary for a good ecological functioning. Furthermore we tested for potential bias for our results caused by dilution effects. As the nutrients are negatively correlated to discharge of the selected stretches, indeed a dilution effect is observed. Yet, this effect does not interfere in the observed relationship with riparian forest cover, as evidenced in the correlation and multivariate regression results. The flow regime information adds significantly to the explained variance of nutrient concentration, yet with no overlap between the discharge and riparian forest cover predictor variables. In addition, the responses were determined with different statistical approaches; the quantile regression analysis corroborated the responses, showing the presence of the response over the entire gradient, and not merely for the mean values. Quantile regression provides a more complete picture of the relationships between variables missed by other regression techniques, and is especially efficient for datasets with many unmeasured explanatory factors (Cade and Noon, 2003) , as is the case for our river quality data. Where the general linear regression pointed out a correlation between forest cover and the macroinvertebrate integrity in ecoregion HER9, the detailed analysis of the response in quantile regression revealed the difference in the responses between the ecoregions. This illustrates the useful application of 06p10
Figure 3
Presentation with additive model for conditional quantile functions (quantiles q50, q75, q90, q95, from RQSS, Koenker 2010) the quantile regression technique to support the analysis of heterogeneous distributions for multiple stressor environments.
The results also show consistency with other studies. From a regional-scale river network nutrient modelling study in the ecoregion HER9, a significant diminution of nutrient load was attributed to riparian forest cover (Curie et al., 2011) . The observed responses are also in line with records for other parts of the world (Storey and Cowley, 1997; Stewart et al., 2001; Meador and Goldstein, 2003; Arnaiz et al., 2011) . Although no process-based experimental set up is used, and no site-specific information of forest cover to the biotic measurements is included, the data presented here over a large geographical scale yields consistent proof for the stated hypotheses of this functional benefit of riparian forests at the terrestrial-aquatic 06p11
Figure 4
Additive model for conditional quantile functions (Koenker 2010) interface. The extensive set of standardised monitoring surveys provides a stabilised network that enables analyses over larger scale patterns of ecological quality in river networks.
Here we focused solely on riparian forest cover. Other land use classes in the riparian corridor can also act as buffers (herbaceous semi-natural vegetation). However, to identify these kinds of vegetation unambiguously at this spatial scale from remote sensing data is still a challenge. At present this data is not available over these larger spatial scales.
> HOW MUCH RIPARIAN FOREST IS REQUIRED?
The detected relationship allows the determination of conditions for good ecological functioning of the riparian corridor. Not only were the responses consistent over the different selections and elements, they also showed similar response functions with respect to the different variables indicating the ecological status of the aquatic system. This enables the identification of boundary conditions for riparian forest cover to delineate good ecological status for the aquatic environment. The good and high status boundaries -the legal standards at national level according to the European Water Framework Directive -for the physicochemical variables and biotic integrity indices of the aquatic systems were consistently found to correspond to a narrow range of riparian forest cover values in all significant regressions. For the 10 m buffer, good status for physicochemical variables and biotic indices corresponded to 60% riparian forest cover, and high status to 70%. For the 30 m buffer these boundaries were at 45% cover for good and 55% for high status of riparian forest. The quantile regression was even more reliable in making predictions, and corroborated the identified boundaries. The method of inflection point detection in the regression line pointed out the same boundary without using the standards for good physico-chemical and biotic status to infer the boundary. The detected responses were comparable to recent recordings of 54% forest cover as a boundary for the biotic integrity based on the Plecoptera genera (Tornblom et al., 2011) . Like these authors, we detected a 55% boundary for the biotic integrity based on the fish community with the additive quantile regression approach (Figure 4) . The observed responses showed low explained variance and thus low predictive power for the regression functions (R 2 values in Tables II and III between 0.11 and 0.22). However, these observed relationships give an indication that increasing riparian forest cover can significantly improve the rivers' purification potential and biotic integrity. Thus it can be classified as a 'noregret' restoration measure (European Commission, 2007) , easily and immediately applicable without conflicting with more exhaustive integrated management programmes.
> SINGLE VERSUS MULTI-STRESSOR ENVIRONMENTS
In other parts of the world, much stronger relationships between the river's biotic integrity and the riparian corridor are found in strictly agricultural-forest landscapes, and are documented as consistent for single-pressure conditions. For smaller agricultural watersheds in North Carolina, 73% of the variance in fish and macroinvertebrate communities was explained by watershed and local riparian corridor characteristics (Stewart et al., 2001; Wilson et al., 2008; Arnaiz et al., 2011) , whereas riparian forest as a single predictor explained 63% of the fish species assemblages in smaller headwater streams of agriculturally dominated catchments of a northern Great Plains ecoregion (Wilson et al., 2008) . In our multi-stressor context, only up to 22% of the variance for nutrients (Table II) and 5% for biotic integrity metrics (Table V) are explained by riparian forest cover. An indication of the gradual impact of the multiple stressors intervening in the biotic response to the riparian corridor is also present in our analysis, when we compare the responses in the different ecoregions. Biotic responses were lower or absent for regions with a strong presence of multiple stressors. Ecoregion HER10 showed a lower multi-stressor state than the HER9 and showed more significant responses to the biological quality. Hence although certainly not a single-stressor environment, the HER10 is less influenced by multiple stressors. In our selections, no difference in responses of nutrients was observed for the ecoregions. As we still found significant effects on nutrient conditions for strong multi-stressor environments, we can conclude that even though the effects are clearly more substantial in single-stressor environments -especially the effect on the biotic communities -in multi-stressor environments riparian forests can still positively influence the aquatic environment.
